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Abstract

Background

Several maternal and birth characteristics have been reported to be associated with an
increased risk of many childhood cancers. Our goal was to evaluate the risk of childhood
embryonal solid tumors in relation to pre- and perinatal characteristics.

Methods

A case-cohort study was performed using two population-based datasets, which were
linked through R software. Tumors were classified as central nervous system (CNS) or
non-CNS-embryonal (retinoblastoma, neuroblastoma, renal tumors, germ cell tumors,
hepatoblastoma and soft tissue sarcoma). Children aged <6 years were selected. Adjust-
ments were made for potential confounders. Odds ratios (OR) with 95% confidence inter-
vals (Cl) were computed by unconditional logistic regression analysis using SPSS.

Results

Males, high maternal education level, and birth anomalies were independent risk factors.
Among children diagnosed older than 24 months of age, cesarean section (CS) was a sig-
nificant risk factor. Five-minute Apgar <8 was an independent risk factor for renal tumors.
A decreasing risk with increasing birth order was observed for all tumor types except for
retinoblastoma. Among children with neuroblastoma, the risk decreased with increasing
birth order (OR = 0.82 (95% CI 0.67—1.01)). Children delivered by CS had a marginally
significantly increased OR for all tumors except retinoblastoma. High maternal education
level showed a significant increase in the odds for all tumors together, CNS tumors, and
neuroblastoma.
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Conclusion

This evidence suggests that male gender, high maternal education level, and birth anoma-
lies are risk factors for childhood tumors irrespective of the age at diagnosis. Cesarean sec-
tion, birth order, and 5-minute Apgar score were risk factors for some tumor subtypes.

Introduction

Childhood embryonal solid tumors occur more frequently at younger ages suggesting that
antenatal, perinatal, and early postnatal exposures may play a part in its pathogenesis [1, 2].
Represents a heterogeneous group of cancer composed of undifferentiated cells that resemble
tissues from the developing embryo and fetus suggesting that defects in tissue growth pathways
and their differentiation during prenatal/postnatal period would promote tumor genesis [3].
The principal types of embryonal tumors are neuroblastoma, nephroblastoma, retinoblastoma,
hepatoblastoma and significant cases of childhood central nervous system tumors [4]. Inci-
dence rates vary worldwide and in Brazil it was observed regional variations according to socio-
economic status. Data showed a significant correlation between socioeconomic status and
incidence rate of neuroblastoma and retinoblastoma [5].

Most childhood cancers occur sporadically and etiological evidence for causes is poor.
Hereditary or familial factors are evident in 10% of cases [6]. Several maternal and birth char-
acteristics are reported to be associated with an increased risk of many childhood cancers.
Birth order, maternal age, mode of delivery, Apgar score, and congenital anomalies are
described as risk factors for some solid tumors [2, 7-12]. Associations between congenital
anomalies and embryonal tumors are well established [2, 12]. Risk associations were found
between birth weight and several childhood cancers, and described with greater certainty in
leukemia and renal tumors [13]. Birth characteristics probably represent interactions between
genetic susceptibility and perinatal environmental causes [2]. Several case-control studies have
been published, but the rarity of childhood cancers makes it difficult to identify potential etio-
logic clues. We conducted a population-based study in Brazil to investigate the association
between maternal, perinatal, and birth characteristics and childhood embryonal solid tumors.

Materials and Methods
Study Design and Population

A case-cohort study was performed by selecting cases and controls within the same total popu-
lation at baseline which allows the advantages of both cohort and case-control designs [14].
Data were obtained from the Live Birth Information System (SINASC) from 14 cities with Pop-
ulation-Based Cancer Registries (PBCR). The quality of the Brazilian population-based regis-
tries has improved and is considered good [15-19]. Cases among children with solid tumors
born after 1999 and diagnosed between 2000 and 2010 were selected (n = 566). Both datasets
were linked through probabilistic data linkage using RStudio software [20, 21]; and 395 (70%)
of the initially identified were successfully matched to their birth records. Full details are
described elsewhere [22]. The peak incidence rate of embryonal tumors is among children 1 to
4 years old therefore to analyze risk factors, we further selected children aged <6 years who
were diagnosed with embryonal tumors. We classified tumors as central nervous system (CNS)
(n=119) or non-CNS embryonal (retinoblastoma, n = 28; neuroblastoma, n = 64; renal
tumors, n = 62; germ cell tumors, n = 32; hepatoblastoma, n = 6; or soft tissue sarcoma, n = 29)
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tumors. Four controls per case were chosen by systematic random sampling (n = 1580) from
the SINASC data source, and were ordered by birth year and gender for all solid tumors includ-
ing children aged >5 years [18]. For these analyses, the same control group (n = 1580) and 340
cases were selected. Variables available from SINASC database were gender, 5-minute Apgar
score, mode of delivery, congenital anomalies, birth order, birth weight, maternal age at child's
birth, and maternal education.

Statistical Analysis

Odds ratios (OR) and 95 percent confidence intervals (CIs) were computed by unconditional
logistic regression analysis using SPSS version 21.0. The analysis of both all tumors and for
each specific tumor group always included the total control group for comparison. Apgar score
was categorized into three levels (0-5, 6-8, 9-10) and in two levels (<8 versus >8) [23]. To test
the sensitivity of the results we ran analyzes for 12, 24 and 36 months of age and results were
significant for 24 months of age (data not shown). Separate analysis were conducted for age at
diagnosis (<24 months or >24 months) and for tumor subtype (CNS or non-CNS embryonal
tumors). All variables were included in a logistic regression model and adjustments were made
using only variables with p values <0.20.

All data were kept strictly confidential, ensuring anonymity.

The study was approved by the Research Ethical Committee of Instituto Nacional de Cancer
(INCA) ref: 13596513.7.0000.5274.

Results

Maternal and perinatal characteristics of the controls and cases are presented in Table 1. The
presence of birth anomalies was detected in 7 cases and 6 controls. Birth anomalies were classi-
fied as described in the International Classification of Diseases tenth revision (ICD-10).
Among the 7 cases birth anomalies were described as unspecified congenital anomaly of the
foot (n = 1), Down syndrome (n = 1), macrocephaly (n = 1), unspecified syndrome (n = 1),
spina bifida (n = 1), unspecified brain abnormality (n = 1), and congenital anomaly of the male
genital tract (n = 1).

Table 2 shows the crude and adjusted ORs and 95% Cls between all tumors and sociodemo-
graphic and maternal pre- and perinatal variables. Male sex, high maternal education level, and
birth anomalies were independent risk factors. Continuous maternal age (per 5 years
increased) shown a modest association with all embryonal tumors together, despite not signifi-
cant. As shown in Fig 1A, an Apgar score <8 was an independent risk factor for renal tumors
(OR =2.17 (95% CI 1.08-4.35)). A decreasing risk with increasing birth order was observed for
all tumor types except retinoblastoma. Among children with CNS tumors, neuroblastoma and
renal tumors there were a decreased risk with increasing birth order (OR = 0.90 (95% CI 0.78-
1.04)); (OR =0.82 (95% CI 0.67-1.01)); (OR = 0.89 (95% CI 0.73-1.08)), respectively (Fig 1B).
Delivery by cesarean section showed a marginally significantly increased OR for all tumors
except retinoblastoma. Among children with CNS tumors, neuroblastoma and renal tumors
there were an increased risk with delivery by cesarean section (OR = 1.37 (95% CI 0.91-2.07));
(OR=1.42 (95% CI1 0.82-2.43)); (OR = 1.44 (95% CI 0.83-2.48)), respectively (Fig 1C). Mater-
nal education level higher or equal to 12 years showed a significant increase in the odds for all
tumors together, as well as for the group of CNS tumors (OR = 3.28 (95% CI 1.51-7.13)) and
for neuroblastoma (OR =2.91 (95% CI 1.11-7.61)) (Fig 1D).

When we stratified according to age at diagnosis (<24 months versus >24 months) higher
maternal education level (>12 years) and birth anomalies continued to be an independent risk
factors among children aged <24 months.
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Table 1. Sociodemographic, maternal, pre and perinatal characteristics of childhood embryonal tumors and controls, Brazil, 2000-2010.

Controls Cases CNS tumors Non-CNS embryonal tumors*
n(%) n(%) n(%) n(%)
Gender
Female 774 (49.0) 138 (40.6) 43 (36.1) 95 (43.0)
Male 805 (51.0) 202 (59.4) 76 (63.9) 126 (57.0)
Missing 1(0.0) - - -
Race
Non-White 734 (46.4) 171 (50.3) 64 (53.8) 107 (48.4)
White 742 (47.0) 155 (45.6) 51 (42.8) 104 (47.1)
Missing 104 (6.6) 14 (4.1) 4(3.4) 10 (4.5)
Geographic region
North 204 (12.9) 43 (12.6) 17 (14.3) 26 (11.8)
Northeast 512 (32.4) 110 (32.4) 32 (26.9) 78 (35.3)
Southeast 436 (27.6) 96 (28.2) 34 (28.6) 62 (28.1)
South 348 (22.0) 75 (22.1) 29 (24.4) 46 (20.8)
Midwest 80 (5.1) 16 (4.7) 7(5.9) 9(4.1)
Maternal age (years)
<25 830 (52.5) 168 (49.4) 63 (52.9) 105 (47.5)
25-35 636 (40.3) 149 (43.8) 46 (38.7) 103 (46.6)
>35 108 (6.8) 23(6.8) 10(8.4) 13(5.9)
Missing 6 (0.4) - - -
Maternal education (years)
<3 241 (15.2) 34 (10.0) 10 (8.4) 24 (10.9)
04-11 1075 (68.0) 227 (66.8) 77 (64.7) 150 (67.9)
>12 221 (14.0) 69 (20.3) 28 (23.5) 41 (18.5)
Missing 43(2.7) 10 (2.9) 4 (3.4) 6(2.7)
Birth order
First 541 (34.2) 125 (36.8) 40 (33.6) 85 (38.5)
Two or higher 909 (57.5) 191 (56.2) 68 (57.1) 123 (55.7)
Missing 130 (8.3) 24 (7.0) 11(9.2) 13(5.9)
Mode of delivery
Vaginal 931 (58.9) 169 (49.7) 55 (46.2) 114 (51.6)
Cesarean 646 (40.9) 171 (50.3) 64 (53.8) 107 (48.4)
Missing 3(0.2) - - -
Birth anomalies
no 1503 (95.1) 323 (95.0) 114 (95.8) 209 (94.6)
yes 6(0.4) 7(2.1) 1(0.8) 6(2.7)
Missing 71 (4.5) 10 (2.9) 4 (3.4) 6(2.7)
Duration of gestation (weeks)
<37 91 (5.8) 12 (3.5) 7(5.9) 5(2.3)
37-41 1454 (92.0) 323 (95.0) 110 (92.4) 213 (96.4)
>41 20 (1.3) 2(0.6) 1(0.8) 1(0.5)
Missing 15 (0.9) 3(0.9) 1(0.8) 2(0.9)
5-minute Apgar
0-5 18(1.1) 1(0.3) 1(0.8) -
6-8 142 (9.0) 38(11.2) 14 (11.8) 24 (10.9)
9-10 1313 (83.1) 289 (85.0) 98 (82.4) 191 (86.4)
Missing 107 (6.8) 12 (3.5) 6 (5.0) 6(2.7)
(Continued)
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Table 1. (Continued)

Controls Cases CNS tumors Non-CNS embryonal tumors*
n(%) n(%) n(%) n(%)
Birth weight (g)
<2500 119 (7.5) 14 (4.1) 6(5.0) 8(3.6)
2500—-4000 1390 (88.0) 307 (90.3) 105 (88.2) 202 (91.4)
> 4000 71 (4.5) 19 (5.6) 8(6.7) 11 (5.0)
Birth weight by gestational age
SGA 273(17.3) 55 (16.2) 19 (16.0) 36 (16.3)
AGA 1213 (76.8) 263 (77.3) 90 (75.6) 173 (78.3)
LGA 78 (4.9) 19 (5.6) 9(7.6) 10 (4.5)
Missing 16 (1.0) 3(0.9) 1(0.8) 2(0.9)

AGA, appropriate for gestational-age; LGA, large for gestational-age; SGA, small for gestational age;
*Include retinoblastoma, neuroblastoma, renal tumors, germ cell tumors, hepatoblastoma and soft tissue sarcoma.

doi:10.1371/journal.pone.0164398.t001

Among children diagnosed older than 24 months of age, delivery by cesarean section was a
significant risk factor (Table 3). Five-minute Apgar score was analyzed according to age at
diagnosis (<6 months or >6 months) and a score <8 had a 2-fold risk in children aged <6
months, despite not significant (Table 4).

Discussion

Childhood embryonal tumors are frequently diagnosed before children reach the age of 5 years
indicating that there are factors involved in utero or during early postnatal life. We selected
children from two good quality Brazilian population-based datasets [15-19].

The sample size among specific cancer types became small and our results were limited,
which occurs with most studies assessing childhood solid tumors. Pediatric cancers comprise a
heterogeneous group and it is unclear whether subgroups should be analyzed together. Causal
associations with childhood cancer have begun to be documented [2]. We found an increased
risk of childhood cancer among cases with congenital anomalies and high maternal education
levels.

Maternal education has been used a proxy for socioeconomic status, though it is not perfect.
It is a variable with good completeness in the SINASC dataset [24]. In our series, higher educa-
tion level (>12 years of education) was 14.0% in the control group versus 20.3% in the case
group. Higher education level was an independent risk factor for all tumors together, as well as
among CNS tumors and neuroblastoma. Maternal education has been described with 90% of
agreement for 12 years of schooling [25]. Studies done by IBGE in Brazil evaluating in self-
reported questionnaire regarding demographic issues reports that overestimated is only on the
lowest category of maternal education (http://www.ibge.gov.br). We believe that our result is
reliable because it was on the highest category. Maternal education is consider a indicator of
social background which can be associated with a variety of health-related factors including
risk factors associated with childhood cancer as occupational exposures, dietary patterns, expo-
sure to infectious, immunization, breastfeeding [26-28]. And it has been reported as a con-
founding factor [26, 27]. A recent paper has shown that genome-wide association was
associated with the numbers of years of schooling completed [29]. Another item that requires
attention is that immunization is correlated with education background and incomplete immu-
nization has already been described associated with embryonal tumors [28]. Human
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Table 2. Risk estimates for sociodemographic, maternal, pre and perinatal factors and embryonal tumors, Brazil 2000-2010.

All Tumors
%controls %cases Crude OR (95% Cl) Adjusted OR (95% CI)
Race?
Non-White 49.7 52.5 1.11 (0.87-1.41) 0.98 (0.75-1.26)
White 50.3 47.5 1.00 1.00
Maternal age (years)?
per 5 years - - 1.07 (0.98-1.17) 1.06 (0.97-1.16)
<25 52.7 49.4 0.86 (0.67—1.10) 0.89 (0.69-1.15)
25-35 40.4 43.8 1.00 1.00
>35 6.9 6.8 0.90 (0.56-1.47) 1.00 (0.61-1.66)
Maternal education (years)®
<3 15.7 10.3 1.00 1.00
04-11 69.9 68.8 1.49 (1.01-2.20) 1.47 (0.99-2.18)
>12 14.4 20.9 2.21 (1.41-3.46) 2.09 (1.32-3.32)
Birth order®
per order of 1 - - 0.94 (0.76-1.16) 0.95 (0.87-1.02)
First 37.3 39.6 1.09 (0.85-1.41) 0.96 (0.73-1.25)
Two or higher 62.7 60.4 1.00 1.00
Mode of delivery®
Vaginal 59 49.7 1.00 1.00
Cesarean 51 50.3 1.45(1.15-1.84) 1.24 (0.96-1.60)
Birth anomalies®
no 99.6 97.9 1.00 1.00
yes 0.4 2.1 5.42 (1.81-16.20) 5.24 (1.72-15.9)
Duration of gestation (weeks)?
<37 5.8 3.6 0.59 (0.32-1.09) 0.65 (0.31-1.36)
37-41 92.9 95.8 1.00 1.00
>41 1.3 0.6 0.45 (0.10-1.93) 0.41 (0.08-1.93)
5-minute Apgar®
0-5 1.2 0.3 0.25 (0.03-1.89) 0.35 (0.04—-2.69)
6-8 9.6 11.6 1.21 (0.83-1.77) 1.27 (0.84-1.90)
9-10 89.1 88.1 1.00 1.00

OR—Odds Ratio; Cl—Confidence Interval;

& Adjusted by maternal education, sex, birth weight and birth anomalies;
P Adjusted by sex, birth weight and birth anomalies;

¢ Adjusted by maternal education, sex and birth weight.

doi:10.1371/journal.pone.0164398.t002

Development Index (HDI) was similar between the different cities that were included on our
study so we believe that migration does not interfere on education background [30]. Several
studies have shown no impact of residential mobility regarding environment issues [31, 32].
Unfortunately data from SINASC regarding occupational exposures is incomplete and it was
not evaluated in our study [24].

One of the strongest risk factors for childhood cancer is being born with a congenital anom-
aly. Carcinogenesis and congenital anomalies may have a common basis in some pediatric can-
cers [9, 12, 33-35]. Among our sample, 13 cases/controls had a congenital anomaly noted at
birth. The field for recording birth defects at SINASC is composed of an open-ended question
and a field for the description of the birth defect is coded according to the ICD-10. We
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Fig 1. Adjusted Risk Estimates for Maternal and Perinatal Characteristics and Pediatric Tumors According to
Subtypes, Brazil 2000-2010. (A) Adjusted? risk estimates for Apgar 5-level <8 and pediatric tumors. (B) Adjusted®
risk estimates for continuous birth order-per order of 1 and pediatric tumors. (C) Adjusted® risk estimates for mode of
delivery-cesarean and pediatric tumors. (D) Adjusted® risk estimates for maternal education level >12 years and
pediatric tumors. OR—Odds Ratio; Cl—Confidence Interval; 2Adjusted by sex, birth weight and birth anomalies; °
Adjusted by maternal education, sex, birth weight and birth anomalies; *Include CNS tumors, retinoblastoma,
neuroblastoma, renal tumors, germ cell tumors, hepatoblastoma and soft tissue sarcoma.

doi:10.1371/journal.pone.0164398.g001

observed a high ICD-10 ‘not otherwise specified’ among our reported cases, not allowing for
more information. In an evaluation of data from SINASC in a hospital in the city of Campinas
(Sao0 Paulo State), a 46.8% under reporting of all birth defects was observed, indicating that the
SINASC database needs improvement to collect information on the prevalence of birth defects
[36]. This is an important limitation reported by others. Birth anomalies can be diagnosed at
birth but minor anomalies are more common diagnosed latter in life [35]. Down syndrome is a
well-established risk factor for infant leukemia whereas the association with solid tumors is
uncommon [37, 38]. In our series, a case with macrocephaly had a CNS tumor, which may be a
reverse causation [39]. Five cases with germ cell tumors (n = 32) was described with birth
anomalies as unspecified brain abnormality, spina bifida, congenital anomaly of the male geni-
tal tract, unspecified syndrome and Down syndrome. Spina bifida was more common in chil-
dren with cancer than among population-based controls [33]. Among solid tumors associated
with Down syndrome germ cell tumors are the most described [40, 41]. One case with renal
tumor had an unspecified congenital anomaly of the foot. Hemihypertrophy is part of several
syndromes associated with embryonal tumors [42]. The unspecified congenital anomaly of the
foot could be a signal of these syndromes.

The association between cesarean section and childhood cancer is inconsistent [11]. Cesar-
ean section presented a slightly significant risk only among children diagnosed older than 24
months of age. Some studies suggest a higher risk of neuroblastoma and leukemia [8, 43]. We
do not have information on elective or emergency cesarean delivery at SINASC, and this may
be an important factor involved in the mechanism of the association [43]. Our data should be
treated with caution given that Brazil has one of the highest rates of cesarean deliveries, espe-
cially in the South and Southeast regions, and these rates may be associated with the availability
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Table 3. Risk estimates for sociodemographic, maternal, pre and perinatal factors and embryonal tumors according to age strata, Brazil 2000—
2010.

All Tumors
Diagnosed <24 months old
cases | Crude OR(95%IC) | Adjusted OR(95%IC) | cases

Diagnosed > 24 months old
Crude OR (95%1C) | Adjusted OR (95% IC)

Race® 174 152
Non-White 1.18 (0.86—1.62) 1.00 (0.71-1.41) 1.03 (0.74-1.44) 0.98 (0.69-1.39)
White 1.00 1.00 1.00 1.00
Maternal age (years)? 181 159
per 5 years increase 1.06 (0.94-1.19) 1.06 (0.94-1.19) 1.08 (0.95-1.22) 1.08 (0.95-1.23)
<25 0.84 (0.61-1.16) 0.89 (0.63-1.25) 0.88 (0.63-1.24) 0.88 (0.62-1.25)
25-35 1.00 1.00 1.00 1.00
>35 0.95(0.51-1.77) 1.00 (0.52-1.91) 0.85(0.42-1.70) 0.90 (0.45-1.83)
Maternal education (years)® 175 155
<3 1.00 1.00 1.00 1.00
04-11 1.39 (0.83-2.33) 1.29 (0.76-2.18) 1.61(0.93-2.76) 1.58 (0.92-2.73)
>12 2.72 (1.53-4.85) 2.48 (1.38-4.46) 1.63 (0.84-3.15) 1.62 (0.84-3.14)
Birth order® 166 150
per order of 1 0.95 (0.85—1.05) 0.96 (0.86—1.06) 0.92 (0.82—1.04) 0.93 (0.83-1.04)
First 1.00 (0.71-1.39) 0.82(0.57-1.17) 1.21 (0.86-1.71) 1.13(0.79-1.61)
Two or higher 1.00 1.00 1.00 1.00
Mode of delivery?® 181 159
Vaginal 1.00 1.00 1.00 1.00
Cesarean 1.39 (1.02-1.89) 1.09 (0.78—1.54) 1.53(1.10-2.12) 1.47 (1.04-2.07)
Birth anomalies® 174 156
no 1.00 1.00 1.00 1.00
yes 10.4 (3.48-31.60) 10.6 (3.40-33.10) - -
5-minute Apgar® 174 154
0-5 0.47 (0.06-3.59) 0.68 (0.08-5.34) - -
6-8 1.20 (0.73-1.98) 1.26 (0.74-2.15) 1.22 (0.72—2.06) 1.28 (0.74-2.21)
9-10 1.00 1.00 1.00 1.00

OR—Odds Ratio; CI—Confidence Interval;

& Adjusted by maternal education, sex, birth weight and birth anomalies;
® Adjusted by sex, birth weight and birth anomalies;
¢ Adjusted by maternal education, sex and birth weight.

doi:10.1371/journal.pone.0164398.t003

Table 4. Risk estimates for embryonal tumors according to 5-minute Apgar score, by age at diagno-
sis, Brazil 2000-2010.

Age at diagnosis 5-min. Apgar Crude OR (95% IC) Adjusted® OR (95% IC)
< 6 months
0-8 2.05(0.93-4.53) 1.99 (0.81-4.89)
9-10 1.0 1.0
> 6 months
0-8 0.99 (0.66—1.49) 1.10(0.72-1.68)
9-10 1.0 1.0

OR—Odds Ratio; Cl—Confidence Interval;
2Adjusted by maternal education, sex, birth weight and birth anomalies.

doi:10.1371/journal.pone.0164398.t004
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of perinatal care services [44]. Among children diagnosed older than 24 months of age, cesar-
ean section was associated with an increased risk of around 50% (OR = 1.47 (95% CI 1.04-
2.07)). Children with neuroblastoma showed a strong association with cesarean section, despite
the association not being significant. Among Brazilian incidence rates, a high incidence of neu-
roblastoma has been described in the South region. The high incidence of neuroblastoma was
correlated with socioeconomic status [5]. The South and Southeast Brazilian regions have the
highest HDI among the different regions [30]. Maternal education was used as a proxy of
socioeconomic status and was also a high risk factor for neuroblastoma.

Bilateral and unilateral retinoblastoma were analyzed together. Bilateral retinoblastoma var-
ies little worldwide, whereas unilateral retinoblastoma has a higher incidence in many develop-
ing countries suggesting environmental exposure contributing to its causation. [45, 46].
Unfortunately, in our PBCR we do not have the information on laterality. The risk of retino-
blastoma was protected by cesarean section, despite not significant. The presence of Human
Papilloma Virus (HPV) has been described in retinoblastoma tumors [47] and maternal trans-
fer could be a possible route of transmission [48]. Children born by cesarean section could be
protected from HPV infection.

Birth order may be a marker of different hormonal exposures to the fetus, and higher birth
order children may present with higher levels of microchimerism [49]. Moreover, birth order
has been used as a proxy for postnatal infectious exposures [7]. Birth order was calculated from
the number of previous pregnancies, counting both living and dead children plus one; however,
this may affect the accuracy of birth order data. We observed a slightly protective correlation
with increased birth order, which was non-significant in all tumors except for retinoblastoma
which could be lack of genetic counseling. The risk of bilateral retinoblastoma has been
described as decreasing with increasing birth order [7].

Different biologic pathways may be responsible for the association between Apgar score and
childhood cancer. The 5-min Apgar score is a predictor of neonatal mortality and neurologic
outcomes. A low Apgar score is a marker of suboptimal fetal environment and may be associ-
ated with compromised immune responses against tumors [50, 51]. Among our cases, a low
5-minute Apgar score on overall cancer risk was strongest for cancers diagnosed before 6
months of age as others have described [10]. The 5-minute Apgar score <8 was an independent
risk factor for renal tumors. The association between 1-minute Apgar score and Wilms’ tumor
has been described in some studies [52, 53], and the 5-minute Apgar score has only been asso-
ciated with Wilms’ tumor in Nordic countries [10, 54].

Birth weight has been documented as a risk factor for several tumor types, including tumors
occurringin adults [55]. Our data has been described elsewhere and suggests that increased
birth weight was associated with childhood solid tumor development [22], which was used for
adjustments.

Chromosome-number abnormalities have been associated with altered recombination and
increased maternal age. The most important factor linked to chromosomal aneuploidy in
women is advancing maternal age. It is well established that chromosome-number abnormali-
ties in offspring occur more frequently as maternal age advances [56]. In our series, maternal
age was a modest risk factor for the development of embryonal tumors, despite not significant.

This study has the advantage of population-based birth and cancer registries from Brazil.
No single cancer registry exits countrywide. People who moved from their city of birth to
another city either those that were not born in there city which developed cancer would not
have been identified in the study. This is one of our greatest limitations as has been described
by others [35, 57]. We lost around 30% of cases identified in PBCR. Brazil has a continental
dimension and around 35% of population lives out of birth city [58]. This effect which may
bias our data is difficult to evaluate, but we believe that the migration occurs equally between
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cases and controls. The quality of the data in the PBCR database has significantly improved,
which can be observed through the International Agency of Research on Cancer assessment
[17]. The SINASC database is recognized as having good to excellent completeness, with con-
sistent information [19, 24]. Another limitation is the lack information on risk factors after
birth. In conclusion, even if based on a small sample size and different tumor types, some ele-
vated risks seem to be consistent.
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